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INTRODUCTION

The unsubstituted cyclopropane ring possesses many of the
characteristic properties of an ethylenic double bond, acting as a
nucleophilic center and undergoing ring-opening addition reactions
with electrophiles.

For example, iodine and bromine add with ring

fission to form 1,3—dihalogenated propanes, and reaction with hydro
gen halides gives 3-substituted propyl halides.

The ring may also be

hydrogenated to give propane derivatives.
If an ethylenic compound is substituted on one of the carbon atoms
joined by the double bond with a strong electron-withdrawing group, the
characteristics of the double bond change.

It now acts chiefly as an

electrophilic center and can react with nucleophiles, its reactions
with electrophiles being greatly decreased in rate.

Acrylonitrile is

one example of compounds demonstrating this effect which can best be
explained by the contribution of a polarized form to the overall resonance hybrid as shown:

CH^CH-C=N <---> CHg-CH-C^N.

The nucleophilic

reagent then adds to the positive center of the polarized form followed
by protonation at the carbon alpha to the cyanide group.

CHg-CH=C%N + R^N --- ^ RgNCHg-C-CaN

H*---- ) RgNCHgCHgCN

Many nucleophiles besides secondary amines have been observed to add
to acrylonitrile in a similar manner^.
It has been recently shown by Westberg and Stewart^3^ that the
cyclopropane ring, when substituted on one carbon of the ring with two
electron-withdrawing groups, again shows a resemblance to an ethylene
-

1-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

—

2

*“

which has been similarly substituted by now reacting with nucleophilic
reagents.

For example, diethyl cyclopropane-1,1-dicarboxylate will re

act by ring-opening addition with secondary amines, with the nucleophile
adding beta to the electron-attracting groups and protonation occurring
in the alpha position.

This work indicates that the beta position is

the more positive center with the nucleophile preferentially attacking
here,

A ( c02C2H5)2 + RgNH

» R2NCH2CH2CH(C02C2H$)2

The reactions2»3 of cyclopropane-1,1-dicarboxamide,

^(C0NH2)2>

1-cyanocyclopropane-l-carboxamide, / \ ^ CN
and ethyl 1-cyanocyclopro^C0NH2
pane-l-carboxylate, / \ CN
with piperidine gave results similar to
CO2C2H 5
those observed with diethyl cyclopropane-1,1-dicarboxylate.
Modern organic chemistry theory postulates that there is delocaliz
ation of electrons in an alternating system of single and double bonds
with transmission of electrical effects along the chain.

If the cyclo

propane ring does resemble an ethylenic linkage in some of its properties,
it should possess the ability to enter into conjugation when appro
priate unsaturated groups such as cyanide, ester, or amide are substi
tuted directly on the ring.

It appears necessary, however, to draw a

distinction between extension of conjugation and transmission of con
jugation.

Although there is a good deal of evidence in support of the

former, there is far from conclusive evidence to favor the latter.
A number of

i n v e s t i g a t o r s ^ » 5,6,7

have shown through chemical or

ultraviolet absorption studies that cyclopropane is capable of trans
mitting conjugation effects,
B. C. L. Weedon^

R. W. Kierstead, R, P. Linstead and

conducted a study of the addition of ethyl
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sodiomalonate to diethyl 2-vinylcyclopropane-1,l-dicarboxylate.

The

main product of the reaction was formed by condensation of the ethyl
maIonate and the cyclopropane compound in equimolar proportions with
the elimination of the elements of ethyl carbonate,
S

'S 6
ct
. r
CH^zCH^^CCOgCgH^)^ + Naf

1^ CH^CH^H-C^CO^CgH^

Along with this major product. A, two other products were obtained:
CH^CHCHCH( COgCgH^) 2

( CgHgOgC) gCHCHgCH^CHGH^CHC COgCgH.)g

C

.

Thus, their investigation has shown that addition of sodiomalonate to
diethyl 2-vinylcyclopropane-l,1-dicarboxylate occurs mainly by ringopening attack at the indicated beta carbon of the ring to give the
branched-chained tetraester (B), which then undergoes cyclization with
loss of ethyl carbonate to form the substituted pentanone (A),

There

is apparently also some attack at the delta carbon with ring opening
and shifting of the double bond to form the straight chain tetra
ester (C).

The formation of C provides chemical evidence of elec

tronic interaction between the double bond and the three-membered
ring.

The following mechanism was proposed:

Na^ |(C2H^02C)2CH|

+

(G2H 502G)2GHCH2GH=CH ^

ÛC 2H 5
!=C-ONa
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(CzH^OgCjgCHCHgCHzCHCHgCHtCOgCgH^jg
Since the malonate anion does not add to simple olefins nor to the
unsubstituted cyclopropane ring, this is a direct indication that the
cyclopropane ring acts to transmit conjugation between the vinyl group
and the carboxylate groups,
R, J, Mohrbacker and N. H, Cromwell^ have studied the absorption
spectra of

l-aroyl-2-arylcyclopropanes.

They observed that a phenyl

group on the beta position of the cyclopropane ring in phenyl cyclopropyl ketone caused a small bathochromic shift in the aroyl band max
imum compared to the original compound.

Thus, CH^—
N

was
hj

found to exhibit maximum absorption at 238 mu. and

at 242 mu.

This effect can be attributed to a transmission of the ben

zene ring unsaturation through the cyclopropane ring into the aroyl
chromophore causing a smaller energy difference between the ground and
excited electronic states of the 2-phenyl-l-cyclopropyl phenyl ketone
as compared to the analogous energy difference in the cyclopropyl
phenyl ketone.

These observations indicate that the cyclopropane ring

is capable of transmitting a small amount of conjugation, at least
in an excited state.
E. P. Carr and G. P. Burt^ have studied the ultraviolet absorp
tion spectra of certain derivatives of cyclopropane and their analo
gous ethylenic and saturated compounds.
2 3
C^H^CHCHgCOC^H^
HCCGO^GH^)^
1

2 3
C^H^CH— ^HCOC^H^
TLCOgGH^)^
^
1

The three types of compounds

2 3
C^H^CH=C-COG^H^
HttCOgCHjig
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show marked differences in their absorptions.

No appreciable change

in the general shape of the ultraviolet absorption spectra was ob
served when the same substituent change on carbons 1 and 3 was made
in the three types of compounds.

They concluded that the difference

in the spectra was due to the linkage between the central carbon atoms.
In comparing the three series, the saturated compounds showed the
least general absorption, the cyclic derivatives slightly more and the
ethylenic compounds had the greatest general absorption.

These results

were interpreted to show that the cyclopropanes were intermediate in
character between the isomeric olefinic and analogous open-chained,
saturated derivatives but more closely related to the open-chained,
saturated compounds.

In the cyclopropane ring all of the carbon atoms

are nominally saturated; yet in the compounds examined Wiere the ring
is adjacent to a carbonyl group, the effect of the ring on the absorp
tion spectra is similar to that of the introduction of an unsaturated
center - - the general absorption of the cyclic compound being inter
mediate between the chained, saturated analogs and the unsaturated
analog.

From these facts it was concluded that the cyclopropane ring

is a center of residual electron affinity and as such can form a
"donjugated system" with the carbonyl group differing from the un
saturated compound only in the degree of free affinity.

This

agrees with Kohler's® conclusion from a study of the chemical reactions of

0
b-C^H^

that a cyclopropane ring and a carbonyl

C02R)2
group can form a conjugated system which is identical in properties
with that found in many ethylenic compounds.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The ultraviolet absorption spectra of 2-cyclopropylpyridlne,
2-n~propylpyridine and 2-vinylpyridine have been compared?.

Qua
The cyclopropane compound shows a maximum absorption at 269 mu,,
intermediate between the absorption of 2-vinylpyridine, 277.5 mu.,
and 2-n-propylpyridine, 262 mu.

Since the maximum absorption of

pyridine is at 253 mu., the presence of an alkyl or alicyclic group
in the alpha position causes a shift of the maximum to a longer wave
length.

This effect appears greater with the cyclopropyl group than

with the n-propyl group and appears to confirm chemical and physical
evidence cited before that the cyclopropane ring possesses a certain
degree of ”unsaturation" and should, therefore, enter into conjugation.
Believing that the shift to longer wave length could be interpreted
as a "hyperconjugation" effect, Mariella et al.? postulated that cer
tain ionic species of 2-cyclopropyl pyridine could exist which, in
addition to the hyperconjugation forms, would contribute to the
excited structure.

Two of the twelve possible forms are listed:

Since the three-membered ring is not necessarily coplanar with the
pyridine ring, these ionic resonance forms probably do not contribute
as much as expected, causing the shift in the ultraviolet absorption
spectra from n-propyl to cyclopropyl to be small but still measurable.
A number of other investigators 9,10,11 have reported that the cy
clopropane ring is incapable of transmitting conjugation but is able to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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extend conjugation.
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E. N, Trachtenberg and G. Odian^ compared the

relative abilities of various m- and

substituents on the phenyl

group to affect the acidity of the carboxyl group of trans-cinnamic
acid, trans-2-phenylcyc1opropanecarboxylic acid and 3-phenylpropionic
acid,

GrC

C/HrCH.CH.OOOH
b i
2
2

'COOH,

For this purpose the Hammett equation was used, log K — 0 <7~ :
Ko '

where

Ko and K are equilibrium constants associated with the unsubstituted
and substituted compounds respectively; c j~ is a parameter characteristic
only of the substituent and represents the ability of the group to
attract or repel electrons by combination of inductive and resonance
effects; and p is characteristic of the reaction series.

They re

lated the relative equilibrium constants of a series of m- and p—
substituted compounds to the parent compound.
in each of the parent compounds were:

The substituents studied

—H, -NO2 , —Cl, -CH^, and -OCHg.

Tables of values for the dissociation of the acids at the same tem
perature and in the same solvent were obtained for the three series.
Comparison of the ^

values gives the relative conjugative ability of

the double bond, the cyclopropane ring and the dimethylene group.
The results for the cyclopropane ring approximated those of the
saturated dimethylene analog.

Thus, they concluded that the cyclo

propane ring is incapable of transmitting conjugation in the ground
state.

Since their work was conducted at 25*, this would be con

sidered "ground state activity" whereas other studies mentioned

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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could possibly introduce "excited states" by using increased temperature
or irradiation.
Smith and Rogier^O made studies to determine whether or not the
cyclopropane ring could enter into conjugation with another cyclopropane
ring.

They prepared 2-phenylbicyclopropyl and obtained its ultraviolet

spectrum.

Comparison of the spectrum with that of phenylcyclopropane

showed the two spectra to be remarkably similar.

From this work they

concluded that the central cyclopropane ring in

is incapable

of transmitting the conjugative effect of the distal cyclopropane ring
in the system to the benzene nucleus.
The cyclopropane ring in umbellulone

|\ ^

exerts a pronounced

effect upon the ultraviolet absorption of the substance^^.

This is

believed to be due to extension of the chain of conjugation by the
ring.

R, H, Eastman^^ has synthesized a tricyclic ketone having the

chromophoric system

to determine whether or not the cyclof

*

o

propane rings in the rigid system establish a chain of conjugation to
the carbonyl group.

The ultraviolet spectrum of the tricyclic compound

was not significantly different from ^-dihydroumbellulone
Thus, in this rigid tricyclic analog of the cyclopentadienone system
a chain of conjugation apparently does not exist which, involves
both cyclopropane rings.

The apparent absence of such conjugation

effects provides direct experimental evidence that the unsaturation
of the cyclopropane system is quite different from that of the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The spectroscopic properties of umbellulone demon

strate that the unsaturation of the cyclopropane ring can exert a con
jugative effect when the ring is at the end of a chain of conjugation
and thus extend a chain of conjugation; but the properties of the tri
cyclic ketone equally demonstrate that a cyclopropane ring does not
conduct conjugative effects from one contiguous unsaturated group to
another, or transmit conjugation.
A satisfactory theoretical explanation of these observations and
conclusions can be based upon the non-classical structure proposed by
Roberts and Mazur^^ for the cyclopropylmethyl carbonium ion.

The

bathochromic effect of the cyclopropane ring in umbellulone is believed
due to the contributing structure

----- —

wherein the un-

0~
saturation electrons of the cyclopropane ring enter the alpha, betaunsaturated carbonyl system.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DISCUSSION

The principle purpose of the research reported in this paper was
to elucidate further the question of whether or not the cyclopropane
ring can transmit conjugation or if it merely extends a chain of con
jugation.
If the cyclopropane ring in diethyl 2-vinylcyclopropane-l,1-dicarboxylate is capable of transmitting conjugation, one would expect
that a nucleophile could add in a 1 ,6-manner to the system as well
as in a 1,4-manner.

The 1,6-addition would be accompanied by

shifting the double bond to the 4 ,5-position, ring opening, and
protonation at the 3-position:

6
5 4
CH|= CHCH-—

1
3 ^
G-C^CgH^

_r

f

x-0
C^-OC^H^

>

CO^C^H^

CHg

i-

>

COgCgHg

R^NCHgCH^CHCHgCHtCOgCgHcjg
On the other hand, if the cyclopropane ring in diethyl 2-vinylcyclo
propane-1 ,1-dicarboxylate is merely capable of extending conjugation,
one would expect that the nucleophile would attack only the 4-position
with ring opening and protonation at the 3-position.
1
6
5 4
3 2^
CHj^CHCH-^C-CJ^C^H^

aS

<-- >

/O

4-

CH=CH-ÇH

^ 2

R^NH
2

COgCgH^
CH|=CHCHCH2 CH (CO2 C2H 5 )2

-

10

-
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The cyclopropane ring in diethyl 2-vinylcyclopropane-l,1-dicar
boxylate could conceivably undergo fission at either of two points
on attack by the nucleophile at

(B)
CH2 C

H

^

(CO2C2H ^)2

either point A or B.

The preferred point

(A)2
of attack is obviously going to be the more positive position on
the ring as determined by both inductive and electromeric electron
shifts within the molecule.

It would, however, appear that both

a possible inductive shift,

^

with the vinyl

group acting as an electron sink, and an electromeric shift in
volving only conjugation of the ring with one of the carboxylate
groups,
CH^CH^cCoCgHc

^--- » CH^CHCH ^ = C - 0 C 2 H c

"Z 2 2
would favor position B for attack by the nucleophile.

Position A

could not be affected in any way by the presence of the vinyl group
on position B.
The mode of reaction of nucleophiles with diethyl 2-vinylcyclo
propane-l,1-dicarboxylate have been studied by reacting it with
secondary amines, with primary amines, with one mercaptan and with
phenol.
Diethyl 2-vinylcyclopropane-l,1-dicarboxylate was first pre
pared in small yields by condensing l,4-dibromobutene-2 with di
ethyl sodiomalonate using the procedure outlined by R, W, Kierstead,
et al.^

Since it has been observed^^ that cis-1,4-dichlorobutene-2

will condense with diethyl sodiomalonate, it seemed likely that

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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trans-l.4-diehlorobutene-2 would also condense with sodiomalonate to
give the desired starting material.

This reaction was successful,

giving yields as high as 56%,
The reaction of a typical secondary amine, piperidine, with di
ethyl 2-vinylcyclopropane-l,1-dicarboxylate, occurred readily on
heating at about 105^, giving two products.

The reaction is be

lieved to proceed as follows:

GO C H
CH2^CHCHCH2CH(C02C2H^)2

and

CH^CHCHCH^dH ^ ^ ^

II.

The infrared spectra of the starting material and products I and II
showed peaks in the 915 cm.”^ and 990 cm.“^ regions characteristic
of the terminal double bond^^.

This indicates that piperidine had

attacked the cyclopropane ring at the 4-position in the system,
causing fission of the ring.

The infrared spectrum of compound II

also had a large peak at 1645 cm,”^ which can be attributed to the
"amide I" band absorption of a tertiary amide^^.

A carbonyl peak

at 1735 cm.”^ is also present in II, indicating that one of the
ester groups is still intact.

Compounds I and II both readily

decolorized 5% KMnO^^ in water, thus indicating that the nucleo
phile had not simply added across the double bond.
When the reaction was run under varying conditions, different
ratios of products I and II were obtained.

An increase in the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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ratio of amine to ester favored the formation of II while solvents
seemed to favor the formation of I (This could, however, be a
temperature dependent phenomenon).

The reaction was run in three dif

ferent solvents, benzene, dimethyl formamide, and absolute ethanol.
The yields observed for the solvents ethanol and dimethyl formamide
are much better than yields observed with benzene which indicated
that polar solvents tend to promote the rate of formation of
product I more readily than non-polar solvents.
are shown in Table I.

These results

When the reaction was run in ethanol, none of

the second product was obtained.

This observation at least indicates

that the nucleophile attacks the ring first, causing fission o fthe
ring.

Further attack by the nucleophile on I then appears to result

in formation of the amide product II.

Reaction of I with excess

piperidine indicated that I could be converted to II.

In no case

was a diamino compound obtained corresponding to the addition of a
mole of amine to both the ring carbon (position
carbon of the vinyl group (position 6),

4) and

the terminal

Also, in no case was a

diamide formed by reaction of both ester groups.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

TABLE I

Reactions of Diethyl 2-vinylcyclopropane-1,1-dicarboxylate with
Piperidine

% Starting
Cyclopropane
Recovered

Molar Ratio
of Ester
to Amine

Solvent

1:2

none

none

4.7

63.2

105

1:1

none

13.2

24.7

48.5

105

1 :0.5

none

35.6

40.3

17.8

105

1:1

Abs,
Ethanol

54.0

76.5

none

78

1:1

DMF

26.6

37.6

13.5

130

1:1

Benzene

82,3

51.9

none

78

Yield
I

% Yield

II

Temp,
*C.

(a) All reactions were held at reflux temperature for twenty hours,
Percent yields are in terms of starting cyclopropane converted to
products.

—14—
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-15Diet hy lamine reacted with diethyl 2-vinylcyclopropane-1,1-dicarboxy late but required a higher temperature for a comparable rate.
Piperidine reacted at 105*, but 150* was required with diethylamine,
using a hydrogenation-type bomb as reactor.

This difference might

be attributed partially to increased steric hindrance of diethylajnine as compared to piperidine.

The t wo ethyl groups of diethyl

amine might sterically interfere with the attack of the nitrogen
atom on an electrophilic center o f t h e cyclopropane molecule.

Two

products were again observed in the reaction of diethylamine with
diethyl 2-vinylcyclopropane-l,l-dicarboxylate,

The reaction is

believed to proceed as with piperidines

CK^CHQH-^( COgCgHg )g

4.

>

CHg

CHg^CHCHCHgCHCCOgCgH^ïg

and

III.

CH=CH(|:HCHgC!^
M.

Again, as with piperidine, it is postulated that product III may
be first formed, followed by additional attack by diethylamine
on III forming the amide product IV,

Infrared spectra of com

pounds III and IV show peaks at 925 cm,~^ and 995 cm,”^ indicat
ing, as with compounds I and II, that the terminal double bond
is still present and has not shifted to the interior of the
molecule.

A strong adsorption band at 965 cm,*“^ would be ex

pected if the double bond had shifted.

The infrared spectrum

of compound IV shows a strong peak at I65O cm,”^ which is
characteristic of the "amide I" absorption band of a tertiary

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

-16amide.

This spectrum also shows a carbonyl absorption peak at

1740 cm,~^ indicative of the presence of an ester group.
When diethyl 2-vinylcyclopropane-l,1-dicarboxylate was heated
with diethylamine in the presence of ethanol, it was observed that
the reaction rate was increased, giving a larger percentage yield
of compound III under the same conditions of temperature and time
than for the same reaction with no solvent.

This indicates that

the reaction proceeds through a transition state that requires
charge separation, which is promoted in a polar solvent.

Further

substantiation of this assumption is found in the results from
the reaction using the non-polar solvent, benzene, which gives a
low yield under the same conditions.

This effect is more pro

nounced in reactions with diethylamine than with piperidine,
but because the reactions appear to be temperature-dependent,
this is understandable.

The reaction of diethyl 2-vinylcyclo

propane-l, 1-dicarboxylate with piperidine in ethanol was run

25*^ cooler than the corresponding reaction in the absence of
a solvent.

This temperature difference could account for the

observed results.

As observed in reactions with piperidine,

the presence of a solvent markedly decreases the side reaction
which gives product IV,

A tabulated summary of the effect of

change of reactant ratio and of change of solvents is presented
in Table II.
Both compounds III and IV decolorized 5% KMnOj^, indicating
that the nucleophile had caused fission of the cyclopropane
ring and had not simply added across the double bond.

In a

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

-17separate reaction it was observed that product III could be con
verted to product IV by heating with more diethylamine for an
extended period of time.

All physical and chemical properties

indicate that both secondary amines attacked the starting mate
rial in the same manner to give analogous products.
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TABLE II

Reactions of Diethyl 2-vinylcyclopropane-l,1-dicarboxylate with
Diethylamine

% Starting

Molar Ratio
of Ester
to Amine

Solvent

1:2

none

none

48.3

32.3

1:1

none

47.3

51.4

35.4

1:0.5

none

70.0

33.7

22.5

1:1

Abs.
Ethanol

26.7

63.1

15.7

1:1

DMF

58.6

72.5

24.4

1:1

Benzene

90.0

46,7

none

Yield
III

Cyclopropane
Recovered

% Yield

IV

(a) All reactions were run in a pressure-type bomb at 150® for
twenty hours. Percent yields are in terms of starting cyclopro
pane converted to products.

-

18
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-19The reactions of primary amines with diethyl 2-vinylcyclopro
pane-l,1-dicarboxylate appear to be somewhat more conplex than those
with secondary amines.

For example, the reaction of n-butylamine

with diethyl 2-vinylcyclopropane-l,1-dicarboxylate yielded two
products believed to have the structures of V and VI:
S

IS ç>

a

CH^CHCH-^C( COgCgH^ )^
\

>

eo

CH=CH(pH
N

-COgCgHg
Ï-0

and

CH=^CHÇH

V.

In no case has a simple addition compound corresponding to I or III
been isolated under the conditions used.

Product V is believed to

be the result of the attack of the nucleophile at the beta position
of the cyclopropane ring causing fission of the ring and addition
of the amine moiety at the beta position.

After formation of the

addition product, D, loss of the elements of ethyl alcohol could
result in formation of a gamma lactam.
= C H C H - ÿ C (COg CgH ^ )2

-h

CH=CHGHCHgCH ( GO^C^H^ ) ^
N-H

V
4

D,
9

/GI^ h
GH^GHGH "^CGO^G
oH c
"2'"2"5
N

■0

V.

The infrared spectrum of V, shows no nitrogen-to-hydrogen stretch in
the 3300 cm.

region, whereas the simple addition product, D, or
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the possible amide, C H = C H

this region.

would exhibit absorption in

A strong peak appears at I69O

which can be

attributed to the gamma lactam "amide I" band.

A large peak at

1730 cm,“^ indicates that one o f th e ester groups has remained
intact.

If compound V were simply C H ^ C H - C O g C ^ H ^ , a strong
q=o
J—

peak would be expected in the 1500-1550 cm,~l region due to the
nitrogen-hydrogen deformation mode absorption, but none was
observed.

Again, two peaks at 928 cm,”^ and 990 cm.~^ indicate

that the terminal double bond present in the starting material
is still present in the product.
The infrared spectrum of VI shows a nitrogen-to-hydrogen
stretch at 3300 cm,”^ and no absorption at 1750 cm.“^, indicat
ing that there is no ester carbonyl group present in the mole
cule.

A large peak is present at 1540 cm,"*^ and corresponds to

the "amide II" band absorption of a secondary amide due to the
nitrogen-hydrogen deformation mode.

The strongest peak at

1670 cm.~^ is attributed to the combined absorptions of a
gamma lactam group and the "amide I" band of a secondary amide.
Compound VI also exhibits a terminal double bond absorption
at 928 cm.”^ and 990 cm,~^
As with secondary amines, the presence of solvents in the
reaction of diethyl 2-vinylcyclopropane-l,1-dicarboxylate with
n-butylamine tends to decrease the side-reaction which forms
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VI,

Non-polar solvents appear to decrease the overall rate of re

action,

In absolute alcohol, yields were somewhat improved over

those for the corresponding reaction with no solvent.

This consid

eration only applies if the assumption that compound V is converted
to compound VI is correct.

Results of the effects of change of

reactant ratio and change of solvent in reactions with n-butylamine are presented in Table III,
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TABLE III

Reactions of Diethyl 2-vinylcyclopropane-l,l-dicarboxylate with
n-Butylamine (a)

% Starting
Cyclopropane
Recovered

Molar Ratio
of Ester
to Amine

Solvent

1:2

none

13.3

none

85.7

1:1

none

38.7

23.2

55.2

1:0.5

none

50.7

22.1

21.5

1:1

Abs.
Ethanol

26.7

59.5

16.2

1:1

DMF

58.3

49.6

none

1:1

Benzene

46.8

11.0

none

% Yield

% Yield

V

VI

(a) All reactions were run in a pressure-type bomb at 150® for
twenty hours. Percent yields are in terms of starting cyclopro
pane converted to products.

-
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When diethyl 2-vinylcyclopropane-l,l-dicarboxylate was heated with
cyclohexylamine, one product, VII, was obtained.

The infrared spectrum

of VII indicated that it had the structure.
CH=CHCH

analogous to product V obtained with n-butylamine.

No nitrogen-hydro-

gen stretch was observed in the 3300 cm.~^ region.

A strong peak was

present at 1745 cm."

indicating an ester carbonyl group and a strong

peak at 1700 cm.™^ can be attributed to the "amide I" band of a
gamma lactam.

—1
—1
Peaks at 930 cm.” and 997 cm.” indicated that the

terminal double bond was still present.

Much high-boiling oil was

obtained with this reaction, doubtless containing at least one
other product which has not been identified at this time.

Results

of this reaction when conducted under varying conditions are tab
ulated in Table IV.
Elemental analysis of products V and VII gave acceptable re
sults for nitrogen and hydrogen but not for carbon.

The calcu

lated empirical formulae are about one -CH- group less than the
formulae postulated for compounds V and VII.

At the present

time no explanation can be offered for this, however, on the
basis of infrared spectra and nitrogen-hydrogen analysis
products V and VII are believed to have the structures previ
ously indicated.

Compound VI likewise gave a poor carbon

analysis for the structure postulated but a close hydrogen
analysis.

Again it would appear on the basis of the infrared
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spectra that the structure indicated is correct but that something is
wrong with the analysis for carbon.
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TABLE IV
Reactions of Diethyl 2-vinylcyclopropane-l,l-dicarboxylate with
Cyclohexylamine (a)

Molar Ratio
of Ester
to Amine

Solvent

1:2

none

1:1

none

50.0

25.0

1:0.5

none

55.7

15.2

1:1

Abs.
Ethanol

55.6

72.0

1:1

DMF

58.3

55.1

1:1

Benzene

83.5

none

% Starting

% Yield

VII

Cyclopropane
Recovered

15.3

(a) All reactions were run in a pressure-type bomb at 135^ for
twenty hours. Percent yields are in terms of starting cyclopro
pane converted to products.
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-26Diethyl 2-vinylcyclopropane-l,l-dicarboxylate when heated with
n-butylmercaptan yielded one product, VIII, which is believed to have
the structure, CH2=CHCHCH2CH(C02C2H^)2.

V

This compound showed infra-

9

red absorption bands at 915 cm.~^ and 988 cm,”^ indicating that the
terminal double bond was present, and a strong peak at 1730 cm,"^
was characteristic of the ester carbonyl groups.

Table V shows the

results of the reaction under varied conditions.
No product was isolated in attempted reactions of phenol with
diethyl 2-vinylcyclopropane-1,1-dicarboxylate either uncatalyzed or
with a basic catalyst.

Basic catalysts used were sodium methoxide

and Triton ”B” (benzyltrimethyl ammonium hydroxide).
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TABLE V

Reactions of Diethyl 2-vinylcyclopropane-l,1-dicarboxylate with
n-Butylmercaptan (a)

Molar Ratio
of Ester
to Amine

Solvent

1:2

none

38.7

44.9

1:1

none

47.7

33.5

1:0.5

none

43.3

12.3

1:1

Abs.
Ethanol

85.2

none

1:1

DMF

50.0

4.7

1:1

Benzene

43.5

6.2

% Starting

% Yield

Cyclopropane
Recovered

VIII

(a) All reactions were run in a pressure-type bomb at 150® for
twenty hours. Percent yields are in terms of starting cyclopropane
converted to products.
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EXPERIMENTAL (a)
Diethyl 2--vinylcy clopropane-1,1-dicarboxyla te

The general prepa

ration described by K. C. Murdock and B, Angier^^ was employed, with
the exception that trans-1.A^dichlorobutene—2 was used instead of
cis-l,4-dichlorobutene-2.

Yields as high as 56/é of diethyl 2-

vinylcyclopropane were obtained, b.p. 83° (l mm.), n^^D 1,4501
[lit.^ b.p. 69-72® (0.5 mm.), n^^D 1.4502; lit.12 b.p. 71-76°
(0.5 mm.),

1.4488.]

General procedure for the reaction of amines or of p-butylmercaptan with diethly 2-vinylcyclopropane-1.1-dicarboxylate-— The re
actants were placed in a 200 mm, x 25 mm. tube which was sealed and
heated in a pressure-type bomb for twenty hours at 150^.

In the

reactions employing solvents, (10 ml. of solvent was used) the
products were isolated by fractional distillation under reduced
pressure.

Reactions with piperidine, however, were carried out

in 50 ml. flasks fitted with reflux condensers and the tempera
tures for these reactions were those of reflux; reaction temper
ature for reactions with cyclohexylamine was 135°.
Table I lists conditions and yields for reactions of piperi
dine with diethyl 2-vinylcyclopropane-1,1-dicarboxylate.
Table II lists conditions and yields for reactions of diethylamine with diethyl 2-vinylcyclopropane-l,1-dicarboxylate.

(a)
All boiling points are uncorrected. Elemental analyses
were by Galbraith Laboratories, Inc., Knoxville, Tennessee, Infra
red spectra were run on a Beckman IR-5 infrared spectrophotometer.
—28—
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-29Table III lists conditions and yields for reactions of n-butylamine
with diethyl 2-vinylcyclopropane-l,1-dicarboxylate.
Table IV lists conditions and yields for reactions of cyclohexylamine with diethyl 2-vinylcyclopropane-1,1-dicarboxylate,
Table V lists conditions and yields for reactions of n-butylmercaptan with diethyl 2-vinylcyclopropane-l,1-dicarboxylate,

Physical properties and analytical data for compounds prepared
with diethyl 2-vinylcyclopropane-1.1-dicarboxylate
1.

With piperidine
I, CH^CHCHCH2CH(C02*!2H^)2j diethyl 2-piperidino-3-butenylmalo-

Ô
nate, b,p, 114-116° (l mm,), n^^D 1,4644.
Anal.

Calcd, for
Found:

\CC1^.

C, 64.64; H, 9.08

C, 64*48; H, 9.09

915 cm.-l and 990 cm,"^ (CH^CH-); 1735 cm,"!

U m ax,

(-(f

b-CjHj

II

).

CH=CHCHCHpCH(-COpCUHc), 2-carbethoxy-4-piperidino-5-hex-

enopiperidide, b.p, 16?
Anal,

(l mm,), n^^D 1,4949.

Calcd, for ^19832^2^3 ’
Found;

6?,92; H, 9.53

C, 67.64; H, 9.37
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915 cm. ^ and 990 cm,~^ (CH=-CH-); 1645 cm -1

{ Imax.

(-C-NRg); 1735 cm."^ (-cioC^H^)

2,

With diethylamine
III, CH^-CHCHCH2CH(C02C2H^)2 , diethyl 2-diethylamino-3-butenyl"(GgH;),
malonate, b.p, 113° (l mm.), n^^D 1,4536.
Anal.

Calcd. for Ci^HgyNO^:
Found:

A ^^^4:
I imax,

C, 63.16; H, 9.48

G, 63.59; H, 9.40

925 cm."^ and 995 cm."^ (CH = GH-); 1740 cm."^
"S

/P
(-C-OG2H 2 ).

IV, CHU-CHGHGH^GHGOgGgHc, 2-carbethoxy 4-diethylamino-5“hexenofC H ) ^
i=0
I 2^5/2

^^(^285>2

N, N- diethylamide, b.p. 146° (l mm.), n^^D 1 ,4641.
Anal.

Galcd. for
Found:

A ^^^4:
fimax.

65.38; H, 10.25

G, 65.52; H, 10.21

925 cm.“^ and 995 cm.“^ (GHg^CH-),
^

1650 cm."^ (-C-NRg); 1740 cm."l (-C-0G2H^).

3.

With D-butylamine
CH H
'^t-COuC-Hc, b.p. 145° (l ram.), n^^D 1.4692.
È
C-O
^

V, GH^CHCH

(^4»9

Anal.

Galcd, for CijHg^NO^:

G, 65.27; H, 8.80; N, 5.85
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-31Found;

C, 64.29; H, 8,76; N, 6.05

928 cm,"^ and 990 cm."^ (CH^CH-)j 1730 cm,"^

(-cfoCgH^); 1690 cm.-l (-(^NRg).

/CHpH O H
^
VI, C H = CHCH ^-6-àc.Hg, b.p. 169-170 (l mm.),
h
C
^ ^
64H, 6
Anal.

Calcd, for
Found:

1.4868.

C, 67.67; H, 9.76

C, 66.25; H, 9.89

925 cm.-l and 990 cm."^ (CH=CH-)| 3300 cm.”^
()N-H); 1540 cm.“^ (-^-NH); 1670 cm."^ (
OH
).
R
p-N-R
PC-G-0
N(R)2

4.

With cyclohexylamine
.CH„H
o
o /
\
25
VII, CH=CHÇH ^à-CO„C„Hc,
b . p . I48-I 5I ( l mm.), n D 1.4930.
cu

Anal.

Calcd. for C^^H^^NO^:
Found:

C, 67.92; H, 8.68; N, 5.27

C, 66.71; H, 8.79; N, 5.56

930 cm.-^ and 997 cm. ^ (CH^CH-); 1745 cm.~^
rimaxt
(-C-OC^H^); 1700 cm."^ (-C^N(R)2)

5 . With p-butylmercaptan
VIII, CH2=GHCHCH 2CH(0028285)2 , diethyl 2-n-butylthio-3-

^8489
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-32butenylmalonate, b.p. 149.5*^ (l nrai.),
Anal.

Calcd. for
Found;

1.46851

C, 59.7| H, 8.61

G, 59.85; H, 8.73

915 cra.”^ and 998 cm,"^ (CH=CH-); 1730 cm.~^

(—C—OCgH^).

Conversion of product I to product II— Compound I (2 g.) and
piperidine (0.80 g.) were placed in a 25 mm. x 200 mm. tube which was
sealed and placed in an autoclave at 130® for twenty hours.

Distillation

gave 1,0 g. (44.3^) of compound II.
Conversion of product III to product IV— Compound III (1.5 g.) and
diethylamine (0.95 g.) were placed in a 25 mm. x 200 mm. tube which was
sealed and placed in an autoclave for twenty hours at 150®.

Fractional

distillation gave 1,2 g. (73.0^) of compound IV.
Conversion of product V to product VI— Compound V (1.4 g .) and
n-butylamine (l.O g.) were placed in a 25 mm. x 200 mm. tube which
was sealed and heated in an autoclave for twenty hours at 150®.
Distillation gave 1,0 g, (64.1%) of compound VI.
Attempted addition of phenol to diethyl 2-vinylcyclopropane-l.1dicarboxylate— (A)

The cyclopropane (3.0 g., 0.014 mole) and phenol

(2.66 g., 0.028 mole) were placed in a 50 ml. single-necked flask
fitted with a reflux condenser.

The mixture was heated at 130® for

twenty hours, was then allowed to cool and was dissolved in 40 ml.
of 10% NaOH.

The basic mixture was extracted with ether, the

extract was dried over anhydrous magnesium sulfate, and the ether
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was removed under reduced pressure.

Distillation of the residue (2.4 g«)

showed it to be the starting cyclopropane,
(B)

The cyclopropane (3 g*, 0.014 mole), phenol (2.66 g., 0.028 mole)

and sodium methoxide (0,76 g., 0.014 mole) were placed in a singlenecked flask fitted with a condenser.

The mixture was heated for twenty

hours at 130^, during which time it became very dark and a solid
formed.

The mixture was then dissolved in 50 ml. of 10^ NaOH and

the solution was extracted with ether.

The ether extract was dried

over anhydrous magnesium sulfate, and the ether was removed under
reduced pressure.

Attempted distillation of the residue (0.5 g.)

gave no distillable product,
(C)

The cyclopropane (3 g., 0.014 mole), phenol (2.66 g.,

0,038 mole) and 5 drops of Triton "B” were placed in a single—necked
flask fitted with a condenser and heated at 130^ for twenty hours.
The mixture was then dissolved in 10^ NaOH and then extracted with
ether.

The ether extract was dried over anhydrous magnesium sulfate,

and the ether was removed under reduced pressure.

The residue

(2.3 g.) proved to be the starting cyclopropane,
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SUMMARY

(a)

Diethyl 2-vinylcyclopropane-1,1-dicarboxylate was prepared by

the reaction of trans-1.4-dichlorobutene-2 and diethyl sodiomalonate in
absolute alcohol.
(b)

The addition reactions of diethyl 2-vinylcyclopropane-l,l-

dicarboxylate with piperidine, diethylamine, n-butylamine, cyclohexyl
amine and n-butylmercaptan were studied, and structures have been
proposed for the products.
(c)

The addition of phenol to diethyl 2-vinylcyclopropane-l,1-

dicarboxylate under varying conditions was unsuccessful.

-34-
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